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Steady-State Amounts of a- and Luteinizing Hormone (LH) 3-Subunit Messenger
Ribonucleic Acids Are Uncoupled from Pulsatility of LH Secretion during Sexual
Maturation of the Heifer1
M. S. ROBERSON,3 M. W. WOLFE, T. T. STUMPF,5 D. L. HAMERNIK, A. S. CUPP,6 L. A. WERTH,6 N. KOJIMA,6
R. J. KITI’OK,6 H. E. GROTJAN,6 and J. E. KINDER2’6
Department of Animal Science6 and Department of Veterinwy Science,’ University of Nebraska-Lincoln
Lincoln, Nebraska 68583-0908
ABSTRACT
Our primary objective for this study was to determine whether steady-state amounts of a- and LU 13-subunit mRNAs in the
anterior pituitary are altered during sexual maturation in the bovine female. A secondary objective was to determine whether
1713-estradiol (E2) alters amounts of LH subunit mRNAs before onset of puberty. Heifers (7 mo old) were assigned to one of
three treatments: 1) ovariectomized (OVX, n = 16); 2) OVX and administered E2 (OVXE, n = 16); or 3) ovary-intact (INTACT,
n = 20). Pituitaries were collected at an estimated 120 days before onset of puberty (prepuberty) or 25 days before onset of
puberty (peripuberty). Six INTACT heifers were used to determine time of puberty during the experimental period, and their
pituitaries were collected 40 h after administration of prostaglandin F,. (postpubertal INTACT group). Relative amounts of mRNAs
for LH subunits in each pituitary were determined by Northern analysis and scanning densitometry. Amounts of a- and LU 13-
subunit mRNAs were lower in pituitaries of INTACT heifers and OVXE heifers, regardless of stage of sexual maturation, than in
those of OVX heifers. Amounts of a-subunit mRNA were similar in OVXE and INTACT heifers regardless of stage of sexual
maturation. Amounts of LU 13-subunit mRNA did not change during sexual maturation in heifers in the INTACT group. Concen-
trations of E2 were higher and LH 13-subunit mRNA werelower in heifers from the prepubertal OVXE group than in heifers in
all other treatment groups. We conclude that steady-state amounts of a- and LU 13-subunit mRNAs are not limiting during sexual
maturation in the bovine female. However, when concentrations of E2 are elevated during the prepubertal period to those typical
of the follicular phase of the bovine estrous cycle, levels of LH 13-subunit mRNA are specifically suppressed.
INTRODUCTION
Studies with bovine females [1-5] provide evidence to
support the gonadostat hypothesis originally developed for
the rat [6]. According to this hypothesis, sensitivity of the
hypothalamic-pituitary axis to negative feedback effects of
173-estradiol (E2) decreases as sexual maturation pro-
gresses. The decline in negative feedback effects of E2 upon
the hypothalamic-pituitary axis of the heifer has been as-
sociated with a decline in hypothalamic and pituitary re-
ceptor populations for E2 [3] and an increase in the pul-
satile release of LH [5].
A high correlation exists between pulses of LHRH from
the stalk median eminence and pulses of LH detected in
systemic circulation [7]. Maintenance of steady-state amounts
of gonadotropin subunit mRNAs in the pituitary is depen-
dent upon stimulation by LHRH [8, 9]. Hence, the low fre-
quency of LH pulses from the anterior pituitary during pre-
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puberty may be associated with reduced amounts of LH
subunit mRNA5. The primary aim of the present study was
to determine whether steady-state amounts of a- and LH -
subunit mRNAs in the anterior pituitary are altered during
sexual maturation in the bovine female. A second aim was
to determine whether E2 is a modulator of amounts of LH
subunit mRNAs before onset of puberty.
MATERIALS AND METHODS
Experimental Protocol
Prepubertal Angus X Hereford heifers (n = 52) that were
approximately 7 mo of age and 200 kg body weight at the
initiation of the study were assigned at random to one of
three treatments: 1) ovariectomized (OVX, n = 16); 2) OVX
and administered E2 (OVXE, n = 16); or 3) ovary-intact (IN-
TACT, n = 20). Six heifers from the INTACT group were
used to determine time of puberty within the experimental
period (postpubertal INTACT). All heifers were acclimated
to stanchions and human contact before initiation of the
study. Feed, water, and mineral supplements were available
ad libitum.
Ovariectomies were performed via high lumbar lapa-
rotomy. At the time of ovariectomy (Day 0), heifers in the
OVXE groups received an ear implant containing E2 (Com-
pudose, Elanco, Greenfield, IN; 1 cm in length). Implants
were maintained in donor animals for approximately 6 wk
before transfer of the implants into heifers in the OVXE
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treatment group. Use of donor animals helped to avoid a
surge release of E2 from implants at the time of implanta-
tion. Implants were removed and replaced with new im-
plants in heifers from the OVXE group at 4-wk intervals
throughout the study to maintain uniform circulating con-
centrations of E,.
Three weeks after ovariectomv and administration of E,
(Day 21), 8 heifers selected at random from the OVX, OV,
and INTACT treatment groups were fitted with an indwell-
ing jugular catheter 1 day before initiation of a 24-h serial
blood collection regimen. Blood samples were collected at
15-mm imervals during the 24-h period to determine the
pattern and concentration of LH in serum. After the period
of serial blood collection, the pituitaries of all 8 heifers that
were bled in the OVX, OVXE, and INTACT groups were
collected. These heifers were designated prepuhertal with
regard to stage of sexual maturation (estimated 120 days
before onset of puberty).
The other heifers were assigned to the peripuhertal group.
These animals were bled to characterize their pattern of LH
secretion on Days 49 and 79 after overiectomv and every
14 days thereafter until they met the following criteria: 1)
Tissues were collected from heifers in the INTACT group
when frequency of LH pulses reached 9 pulses/24 h (in-
dicative of approximately 20 to 30 days before pubertal es-
trus); 2) For each heifer in the INTACT group that met the
criteria for collection of tissue at peripuhertv, a heifer from
both the OVX and OVXE groups which exhibited the most
rapid frequency of LH pulses was paired with INTACT heif-
ers, and tissues were collected on the same day. These cri-
teria were selected because it has previously been shown
that heifers have an increase in frequency of LH pulses dur-
ing the 50 days preceding pubern’ [3, 5].
Evaluation of LH pulse frequen was used to determine
the time tissue collection should occur in order to stan-
dardize stage of sexual maturation (as assessed by fre-
quencv of LH pulses) in peripubertal heifers of the INTACT,
OVX, and OVXE groups. In addition, these criteria were used
in such a way that the time of tissue collection from pen-
pubertal heifers coincided with the time when heifers as-
signed to the postpuhertal INTACT group were attaining
puberty.
Blood samples were collected twice weekly from IN-
TACT heifers to as.sess concentrations of progesterone, which
were in turn used to monitor onset of puberty (i.e., as-
signment to the postpubertal group). Concentrations of
progesterone 1 ng/ml for two consecutive serum sam-
ples were used as a criterion to determine onset of estrous
cycles (puberty). After onset of puber, blood collection
continued twice weekly to monitor changes in concentra-
tions of progesterone during subsequent estrous cycles.
Heifers assigned to the postpubertal INTACT group were
fitted with indwelling jugular catheters during the luteal
phase (as determined by concentrations of progesterone)
of the first or second estrous c’cle following onset of pu-
bertv. Subsequently, heifers were treated with prostaglan-
din F7 (PGF2, 25 mg; The Upjohn Co., Kalamazoo, MI) via
a jugular catheter to regress the corpus luteum. Blood sam-
ples were collected at I 5-mm intervals for 24 h beginning
14 h after administration of PGF2. Blood samples collected
during this time were used to determine concentrations of
LH during the follicular phase of the estrous cycle, when
concentrations of E2 were relatively high and concentra-
tions of progesterone were low. Pituitaries were collected
from heifers assigned to the postpubertal INTACT group at
40 h after administration of PGF,,
Tissues were removed from heifers in all treatment groups
after ex.sanguination. Pituitaries were collected within 15 mm
after exsanguination. Anterior pituitaries were hemisected,
transferred to separate vials, frozen in liquid nitrogen, and
stored at -70#{176}Cuntil amounts of mRNAs or heterogeneity
of gonadotropic isoforms [10] was determined.
RIAs
All blood samples were allowed to clot at room tem-
perature and were stored at 4#{176}Cfor 24 h. Serum was col-
lected after centrifugation at 1 520 X g for 15 mm and stored
at -20#{176}Cuntil assayed for LH, progesterone, and E2. Con-
centrations of LH in serum samples collected at 15-mm in-
tervals were determined by an RIA [5, 11] using an anti-
serum against ovine LH (TEARAOLH #35), highly purified
ovine LH (LER-1056-C2) as radiolaheled tracer, and NIH-LH-
B7 as standard. Intra- and interassay coefficients of variation
were 2.8% and 8.8%, respectively. Concentrations of pro-
gesterone in serum samples collected twice weekly were
determined by RIA [12]. Intra- and intera.ssay coefficients of
variation were 4.0% and 12.0%, respectively. Concentra-
tions of E2 in serum samples pooled within each serial blood
collection period were determined by RIA [12]. Concentra-
tions of E2 were determined in a single assay with an in-
traassav coefficient of 2.1%.
The pattern of LH secretion was characterized b deter-
mination of mean concentrations (ng/ml), frequency (pulses!
24 h), and amplitude (ng/ml) of LH pulses through use of
algorithms designed for this purpose (Pulsar software mod-
ified for the IBM-PC for J.F. Gitzen and V.D. Ramirez, Ur-
bana, IL). Data reported are for variables of LH secretion
from samples collected during the 24 h immediately before
collection of tissue.
Northern Analysis of Total Cellular RNA
After pituitaries were collected, the posterior portion was
separated from the anterior pituitarv and discarded. The
anterior pituitaries were frozen in liquid nitrogen. Weights
of frozen hemipituitaries were determined. Total cellular
RNA (tcRNA) was isolated by centrifugation through a ce-
sium chloride gradient [13]. No greater than a 12% tissue
weight,thomogenization buffer volume was used. Pellets of
tcRNA from each hemipituitary were subsequently resus-
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TABLE 1. Mean concentrations of E2 and LH as well as amplitude and frequency of LH pulses.
Mean E2 Mean LH Amplitude Frequency
Treatment’ (pg/mI) (ng/ml) (ng/ml) (pulses/24 h)
Prepubertal OVX 1.7” 235”
Peripubertal OVX 22b 3,4C 23b 30.1”
Prepubertal OVXE 14.7c 06” 0.00 0.0”
Peripubertal OVXE 67d 38b 211b
Prepubertal INTACT 2.9” 06” 32b 440
Peripubertal INTACT 4.9” 06” 40” 9.6’
Postpubertal INTACT 12.2” 19” 28b 26.6”'
Pooled SEM 0.7 0.2 0.4 1.0
‘Treatments: prepubertal: pituitaries collected from heifers approximately 120 days before attainment of puberty;
peripubertal: pituitaries collected from heifers approximately 25 days before attainment of puberty: OVX: ovari-
ectomized; OVXE: ovariectomized and administered E2; INTACT: ovary-intact; postpubertal: pituitaries collected
from heifers assigned to the postpubertal intact group 40 h after administration of PGF2,, at first or second estrous
cycle postpuberty.
b-fNumbers with differing superscripts within columns differ (p < 0.05).
pended in 10 mM TRIS-HCI (pH 7.6), 1 mM EDTA, and 1%
N-lauryl sarcosine and extracted three times with chloro-
form:butanol (4: 1). Total cellular RNA was precipitated by
adding 3 M sodium acetate until the concentration of the
solution was 0.3 M, followed by 2 volumes of absolute
ethanol [14]. Precipitates of tcRNA were maintained under
ethanol at -70#{176}Cuntil electrophoretic separation. Concen-
trations of tcRNA were estimated by absorhance spectro-
photometry at 260 nm, and purity was estimated by the ab-
sorhance ratios of A260/A280 and A260/A230.
Five micrograms of tcRNA from individual hemipituitar-
ies were separated by electrophoresis in 1% agarose gels
containing formaldehyde. Within each gel, tcRNA samples
from heifers in each treatment group were represented. Total
cellular RNA isolated from cerebellum and tcRNA from steer
pituitaries were used as negative and positive controls, re-
spectivel’. Size-separated tcRNA was suhsequentl- trans-
ferred to nitrocellulose filters by capillary action and baked
at 80#{176}Cfor 2 b.
The cDNA probes (generously provided h’ Dr. Richard
Maurer, University of Iowa, Iowa City, IA) to bovine a- [14]
and LI-I p-subunits [15] were cloned into pSP65. The a- and
LH -suhunit cDNAs were linearized with restriction en-
donuclease digestion (EcoRI for a-subunit; Xha I for LH -
subunit). Rihoprobes were labeled to high specific activin-
with 32P a CTP (NEN DuPont, Boston, MA) using a Riho-
probe II transcription kit and SP6 polvmerase (Prornega,
Madison, WI) according to the manufacturers instructions.
Furthermore, heterologous oligonucleotide probes to rat
a-tubulmn (NEN DuPont; nucleotides +958 to +987 of rat
cDNA) were 3’ end-labeled (3’ End Labeling Kit; NEN
DuPont) to high specific activity with 35S-laheled a-ATP ac-
cording to the manufacturer’s instructions. All radiolaheled
RNA and oligonucleotide probes were isolated in a NEN-
SORB 20 nucleic acid purification cartridge (NEN DuPont).
Total cellular RNA bound to nitrocellulose filters was hy-
bridized (10” total cpm,”ml hybridization buffer for each
probe) to a-subunit, LH -suhunit, and a-tybulin probes
for 48 h at 60#{176}C.All radiolaheled probes used in the h’s’-
bnidization reactions were generated from a single riho-
probe transcription or 3’ end-labeling reaction. After hy-
bridization, nitrocellulose filters were washed at room
temperature (three washes; 20 min/’wash) in double-strength
SSC (3 M NaCI, 0.3 M sodium citrate [pH = 7.4]) and 0.1%
SDS and in 0.2-strength SSC at 60#{176}C(2 washes; 60 mm!
wash). Specific radiolaheled hands were visualized [13] fol-
lowing autoradiographv (4 h for a-subunit; 8 h fur LH 13-
subunit; 72 h for a-tuhulin). The relative total density of
each band (OD X mm2) was determined by image analysis
using a Visage 110 image analyzer (Eastman Kodak, Roch-
ester, NY).
Statistical Anal3sis
Effect of treatment and stage of sexual maturation on
characteristics of pulsatile secretion of LH and relative stead’-
state amounts of a-subunit, LI-I 13-subunit, and a-tuhulin
mRNAs were analyzed by analysis of variance [16]. Differ-
ences in treatment nieans were determined by Fischer’s least
Significant Difference test [16]. Changes in frequency of LH
pulses in heifers in the postpuhertal INTACT group that oc-
curred over the 50 days before puhern- were analyzed by
regression analysis [16]. The resulting prediction equation
was used to estimate number of days before puberty for
beifers in the peripuhertal INTACT group [3].
(‘oncentrations of E
RESULTS
Concentrations of E in serum increased (p < 0.05) dur-
ing sexual maturation in INTACT heifers (Table 1). Admin-
istration of E to heifers in the peripuhertal O\’XE group
resulted in concentrations of E similar ( > 0.05) to those
in peripuhertal INTACT heifers. Concentrations of E2 were
higher ( < 0.05) in heifers in the prepubertal OVXE group
than in prepuhertal INTACT heifers. Concentrations t)f E2
at 40 h after administration of PGF in heifers assigned to
the postpuhertal INTACT group were similar (p > 0.05) to
those in hemfers in the prepubertal OVXE group (Table I).
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FIG. 1. Representative autoradiogram from Northern analysis follow-
ing hybridization to a-tubulin (top panel), a-subunit (middle panel) and LH
(3-subunit (bottom panel) radiolabeled probes. Within each Northern anal-
ysis, 5 g of tcRNA from hemipituitaries of heifers in each treatment (see
text for details of treatments), from cerebellum, and from steer pituitaries
were electrophoresed through a denaturing agarose gel. Relative molecular
size is based upon a 1-kb DNA standard (Bethesda Research Laboratories,
Gaithersburg, MD) and is indicated at the left of each panel.
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Pattern of LH Secretion
A linear increase (p < 0.05; r2 = 0.53) in frequency of
LH pulses occurred over the 50 days before puberty in heif-
ers assigned to the postpubertal INTACT group. This rela-
tionship could be expressed by the following equation: fre-
quency of LH pulses = 13.11 - 0.18 (days prepuberty). On
the basis of this regression equation, mean estimated num-
ber of days to puberty for peripubertal INTACT heifers was
4.33 ± 1.8 (Mean ± SEM) days at the time tissues were
collected (range = 0.11-10.90 days). A cautionary inter-
pretation of this relationship is necessary because approx-
imately 47% of the variation in days to puberty was unac-
counted for by frequency of LH pulses. Regardless, frequency
of LH pulses detected in peripubertal INTACT heifers im-
mediately before tissues were collected is characteristic of
the pulse frequency in heifers within 25 days of puberty
[3,5].
Frequency of LH pulses was greater (p < 0.05) in ovari-
ectomized heifers and intact heifers bled during the follic-
ular phase (postpubertal INTACT) than in heifers in the
prepuhertal OVXE, prepubertal INTACT, and peripubertal
INTACT groups (Table 1). Furthermore, frequency of LH
pulses was greater (p < 0.05) in heifers in the peripubertal
OVXE and INTACT groups than in heifers in the prepuber-
tal OVXE and INTACT groups. Amplitude of LH pulses was
relatively constant throughout the experimental period in
heifers receiving all treatments, with the exception of heif-
ers in the prepuhertal OVXE group (Table 1). Pulsatile re-
lease of W was abolished in heifers in the prepubertal OVXE
group, and thus amplitude of LH pulses could not be cal-
culated. Mean concentrations of LH increased (p < 0.05)
during the treatment period in heifers in the OVXE group.
However, mean concentrations of LH did not change (p>
0.05) during sexual maturation in INTACT heifers. Mean
concentrations of LH were greater (p < 0.05) in ovariec-
tomized heifers compared to heifers in all other treatment
groups regardless of stage of sexual maturation.
Concentrations of inRNAc
Concentrations of tcRNA isolated from pituitaries were
not affected by treatment (p > 0.05) and averaged 1.38 ±
0.04 .tg tcRNA/mg pituitaryt. Absorbance ratios of A260/
A280 and A260!A230 were similar (p > 0.05) among pi-
tuitary tissues from heifers of the different groups and av-
eraged 1.74 ± 0.01 and 2.40 ± 0.02, respectively. All tcRNA
preparations contained obvious and discrete ribosomal RNA
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FIG. 2. Relative steady-state amounts of (A) a-tubulin, (B) a-subunit
and (C) LH (3-subunit mRNA5. Prepubertal: pituitaries collected from heifers
approximately 120 days before puberty; peripubertal: pituitaries collected
approximately 25 days before puberty; OVX: ovariectomized; OVXE: ovari-
ectomized and administered E2; INTACT: ovary-intact; postpubertal: pitui-
taries collected 40 h after administration of PGF2, from heifers assigned to
the postpuberta( intact group. Letters differing between treatments within
mRNA species differ )p < 0.05).
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bands of approximately 2.0 and 5.0 kh. Total cellular RNA
isolated from the cerebellum did not specifically hybridize
to either a- or LH 13-subunit probes (Fig. 1).
Relative amounts of a-tubulin detected in tcRNA were
similar (p > 0.05) among heifers in the different groups
and did not appear to be influenced by E2 or to be devel-
opmentally regulated in heifers (Fig. 2a). Amounts of a-tu-
bulin were greater (3.67 OD X mm2; p < 0.05) in tcRNA
preparations isolated from the cerebellum compared to
tcRNA preparations isolated from the pituitary.
Hybridization to either a- or LH 13-subunit probes re-
sulted in specifIc discrete band,s. Relative amounts of a- (Fig.
2b) and LH 13-subunit (Fig. 2c) mRNAs were lower (p <
0.05) in heifers in O\ and INTACT groups as well as in
heifers assigned to the postpubertal INTACT group, than in
heifers in the OVX groups regardless of stage of develop-
ment. Amounts of a-subunit mRNA were similar (p > 0.05)
in heifers in the OVXE and INTACT groups regardless of
stage of sexual maturation. Amounts of LH 13-subunit mRNA
were markedly lower (p < 0.05) in heifers from the pre-
pubertal OVXE group compared to heifers from the pre-,
pen- and postpubertal INTACT and peripubertal OVX groups
(Fig. 2). Furthermore, concentrations of LH 13-subunit mRNA
were similar (p> 0.05) among INTACT heifers at the pre-,
pen- and postpubertal stages.
DISCUSSION
Stimulation of gonadotropes by LHRH appears to be nec-
essary for maintenance of steady-state concentrations of go-
A nadotropin subunit mRNA,s [8,9]. Our original premise was
that hypothalamic release of LHRI-I would be inhibited by
negative feedback effects of E2 during the prepuhertal pe-
riod. Consequently, a reduction in concentrations of LH
subunit mRNAs would be observed. When frequencr of LHRH
and LH pulses increased as the time of puberty approached,
LH subunit mRNAs were expected to increase. In the pres-
ent study, E2 from ovarian or exogenous sources reduced
steady-state amounts of a-subunit mRNA 50 to 65% com-
pared to amounts of a-subunit mRNA from OVX heifers.
c These results are in agreement with those from the rat [17]
and ewe [13], in which E2 at levels characteristic of late ges-
tation were administered. However, stage of sexual matu-
ration did not affect steady-state amounts of a-subunit mRNA
in heifers receiving E2 from endogenous or exogenous
sources in the present study. Because both gonadotropes
and thyrotropes express the a-subunit gene [18[, observa-
tion of alterations in content of a-subunit mRNA does not
necessarily reflect changes in gonadotropic activity.
Accumulation of LH 13-subunit in the pituitary is thought
to be the primar’s’ rate-limiting step in assembly of glyco-
protein subunit dimers and in synthesis of LH [191. Steady-
state amounts of LH 13-subunit mRNA were also coordi-
nately reduced in heifers with E2 from endogenous or ex-
ogenous sources compared to ovariectomized heifers not
receiving E. Moreover, when serum concentrations of E2
were similar to follicular-phase levels (12-15 pg/mI), a
specific reduction in amounts of LH 13-subunit mRNA oc-
curred in heifers in the prepubertal OVXE group. These
data are in agreement with previous data [17] collected af-
ter supraphysiological doses of E2 were administered to adult
female rats. When endogenous concentrations of E2 were
present, a reduction in steady-state levels of LH 13-subunit
mRNA was not observed in INTACT heifers during the pre-
pubertal period, reflecting a differential effect of E2 de-
pending on the dose of E2 to which the pituitary is exposed.
An alternative explanation is that ovarian secretions other
than E2 are involved in modulation of amounts of LH 13-
subunit mRNA.
On the basis of our results, it is possible to speculate
that anterior pituitarv content of steady-state amounts of LH
13-subunit mRNA remain constant throughout sexual mat-
uration. Thus, sufficient LHRH is present and capable of
maintaining levels of LH 13-subunit mRNA. Furthermore,
amounts of LH 13-subunit mRNA do not appear to be a lim-
iting factor in the occurrence of puberty.
In the present study, concentrations of E2 in circulation
were similar in heifers that were in the follicular phase of
the estrous cycle (postpubertal INTACT) and in prepubertal
ovaniectomized heifers administered E2 (OVXE). However,
pulsatile release of LH and amounts of LH 13-subunit mRNA
were markedly lower in prepubertal OVXE heifers. These
data support the conclusion that there is a differential effect
of E2 upon the hypothalamic-pituitary axis during sexual
maturation and that it is apparent with regard to secretion
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of LH and steady-state amounts of LH 13-subunit mRNA.
However, because concentrations of E2 in circulation of
heifers in the prepubertal OVX group were relatively high
in the present study, extrapolation to ovary-intact heifers
during prepuberty must he done with caution. Although
speculative, one possibility is that suppression of steady-
state amounts of LH 13-subunit mRNA in ovariectomized
heifers administered relatively high levels of E2 is charac-
teristic of heifers that are more than 120 days prepuberty,
when pulsatile secretion of LH is greatly reduced (1 pulse
of LH/24 h [5]).
Despite the fact that no change in amount of mRNAs for
the subunits of LH was evident in INTACT heifers through-
out sexual maturation, changes in pattern of secretion of
LH did occur. Changes in frequency of LH pulses during
the 50 days before puberty in heifers assigned to the post-
pubertal INTACT group in the present study were consis-
tent with previous results [2, 3]. The criteria used to deter-
mine the time tissues were collected from heifers during
the peripubertal period (9 LH pulses/24 h) allowed for col-
lection of tissues during the time when heifers assigned to
the postpubertal INTACT group were attaining puberty.
Heifers assigned to the postpubertal INTACT group initi-
ated corpus luteum function between 25 May and 20 July,
and tissues were collected from heifers in the peripubertal
INTACT group between 2 June and 28 July.
Clearly, a differential feedback of E2 on secretion of LH
occurs during the transition from the prepubertal to the
postpuhertal states in heifers (20-22). In mature ovariec-
tomized cows, E2 (3-10 pg/mI) enhances mean concentra-
tion of LH in circulation compared to that in ovariecto-
mized cows not receiving E2 [211. If heifers are
ovariectomized during the prepubertal period and given
similar amounts of E2 (3-10 pg/ml), secretion of LH is in-
hibited. The change in pattern of LH secretion during sex-
ual maturation appears to be mediated by changes in sen-
sitivity to negative feedback effects of E2 at the medial basal
hypothalamus [23-25]. This maturational change appears to
be mediated in part by a loss in estrogen receptor popu-
lations in the hypothalamus and pituitary [31. Pituitary re-
sponsiveness to administration of LHRH increases as pu-
berty approaches in heifers [26] in the absence of detectable
changes in concentrations of LHRH receptors [3]. In the
present study, similar concentrations of E2 in prepubertal
and postpubertal heifers demonstrate the possibility of a
differential effect of E2 on pulsatile release of LH and on
steady-state amounts of LH 13-subunit mRNA. Endogenous
E2, however, was not limiting steady-state amounts of LH
subunit mRNAs as ovary-intact heifers approached puberty.
The anterior pituitary is capable of synthesis and storage of
LH during prepuberty. Pituitary content of LH was greater
in ovary-intact heifers, whereas amounts of mRNAs for both
a- and LH 13-subunits were greater in heifers from the OVX
groups. There was no increase in the amount of either a-
or LH 13-subunit mRNA as sexual maturation progressed in
ovary-intact heifers. Likewise, no increase in pituitary stores
of LH occurs during sexual maturation in ovary-intact heif-
ens [10]. This leads us to conclude that the primary rate-
limiting factor modulating time of puberty in heifers is the
inhibition of pulsatile LH secretion and not limited amounts
of mRNAs for LH or limited stores of LH in the anterior
pituitary.
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